The co-ordination of respiration and swallowing was recorded electronically in three groups of patients who complained of dysphagia following a stroke, or associated with multiple sclerosis or motor neurone disease. The test used was simple and the equipment easily taken to the patient, in bed if necessary All the patients showed differences from normal subjects and there were differences between each of the neurologically impaired groups The technique appears to allow an assessment of the state of oropharyngeal motor and sensory functions separately during swallowing.
Introduction
In a previous paper [1] , a method for recording electronically the co-ordination of breathing and swallowing in normal subjects was described. Results showed a well-regulated respiratory pattern associated with swallowing which became organized upon the approach of a test spoonful of fruit juice.
In some neurological illnesses dysphagia is an expected complication. Difficulties with swallowing may present with drooling, difficulty in moving the bolus into the pharynx, a feeling of choking or coughing due to laryngeal irritation or aspiration.
Dysphagia of neurological origin is caused by motor and/or sensory loss. Oral sensory perception is a difficult function to assess and the strength of the gag reflex is a crude indicator of the pharyngeal stage of swallowing. It was hoped that, by accurately recording respiratory patterns during swallowing, the observed degree of co-ordination compared with normal subjects might implicate or exclude sensory function as a pathogenic factor. In addition, the number of swallows per spoonful and oral transit times should give an indication of motor function. These observations could assist in assessment and in formulating a rehabilitation programme.
Patients and Method
Approval was obtained from the Medical Ethics Committee of Exeter District Health Authority.
For this study, patients with dysphagia who had sustained a cerebral vascular accident (CVA), or suffered from multiple sclerosis (MS) or motor neurone disease (MND) were included (Table I) .
The gag reflex was carefully tested in all patients. If it could be elicited easily everywhere in the anterior two-thirds of the soft palate, it was classified as 'normal'. If it was elicited with minimal distress only in some areas on the soft palate, corresponding parts of the tongue, or the pillars of fauces, it was classified as 'reduced' and as 'much reduced' if it could not be elicited until the pharynx was stimulated. 
Results
Normal subjects were compared with each of the three groups of patients, which were also compared with each other. Table II shows timings of major stages in normal subjects [1] , while Table III shows the corresponding timings for each pathological condition; mean times in seconds are followed by standard deviation and range. Table IV shows an analysis of the gag reflexes.
Tracings of constructed charts selected from one patient in each group, which demonstrate most of these features, are presented in Figures  1-3 . Figure 1 was chosen to illustrate the findings of the 11 patients in the CVA group. It exhibits the following differences from the normal group: variable respiration at spoon contact (1), variable length of oral part (2) , and variable direction of respiration after swallowing (3). The consistency in behaviour from one swallow to another in the normal is lost: 43% of respirations following deglutition being inspirations compared to the normal 5%. The gag reflexes were 'reduced' or 'much reduced' (Table IV) . Figure 2 is an example from the patients with MS. It shows the following differences: variable respiration at spoon contact (1), prolonged and variable oral part (2) . Note that the deglutition apnoea begins earlier and is lengthened. The gag reflexes were reduced or much reduced. Figure 3 illustrates results for a patient from the MND group. Compared to the normal subjects, it shows the same pattern of respiration at spoon contact (1) and exhalations after swallowing (2) . One important difference is the occurrence of rapid multiple swallows per teaspoonful (3), which were never observed in the CVA or MS patients. Three of the MND patients had 'normal' gag reflexes, one 'reduced' and one 'much reduced'.
Discussion
All patients exibited some identifiable differences from healthy subjects either in respiratory patterns, or in timings of some stages of the swallowing sequence. In addition, the abnormal findings were common to each group, but differed from group to group. It has been shown [1] that the normal resting respiratory cycle is substituted during swallowing by another sequence of regularly repeated patterns, which appears to be well controlled. The basic involuntary respiratory control during swallowing must be through the swallow centres which, if impaired, fail to convey impulses to the respiratory centres. All the CVA and MS patients showed variable respiratory patterns at spoon contact: most of the CVA patients and one MS patient frequently inhaled immediately after swallowing, suggesting lack of respiratory control. These patients also had reduced or much reduced gag reflexes. In the MXD patients all respiratory patterns were normal and apparently well controlled and it was unlikely that the swallow centres were impaired by the illness. Two of the five patients tested were recorded as having reduced or much reduced gag reflexes. When testing for a gag reflex there is no certain way of determining, clinically, whether the patient's inability to respond as expected to a stimulus is due to a failure of the sensory (afferent) or motor (efferent) side of the reflex arc. Measurement of respiratory patterns associated with swallowing therefore appears to help assess, more reliably and with greater sensitivity, the degree of sensory loss associated with that region of the brain where the swallow centres are found.
Only the MND patients made rapid repeated swallow actions per single teaspoonful, even though this was as little as 5 ml. This repeated triggering may be because of an inadequate swallowing mechanism due to motor-nerve impairment.
The management of dysphagia in neurologically impaired patients should match the nature of the dysfunction. If the major problem is the sensory loss, and the present results suggest that this was the case with CVA and MS patients, rehabilitation should be directed towards providing stronger stimuli, such as offering iced drinks, well-flavoured foods, or the use of a palatal training appliance [2, 3] . Patients who inhaled frequently immediately after swallowing, as found in the CVA and one of the MS patients, would be expected to carry a greater risk of aspirating paniculate matter in the airstream. At the particular stage of impairment of the MND patients, they were not greatly distressed by their dysphagia and the apparently normal respiratory control suggests normal sensory perception, but rapid repeated swallow actions for an intake of only 5 ml suggest poor oral motor function.
It is therefore concluded that measurements of the type described may reveal helpful diagnostic signs and important parameters required for objective assessment prior to rehabilitation of dysphagia of neurological origin. Because of the simplicity of the test, its non-invasive character and cheapness, it is possible to monitor progress frequently. The standard barium swallow radiography investigation fails to record respiratory direction.
There are important implications of these findings in assessment, formulating rehabilitation regimens and for caregivers feeding handicapped dysphagic patients. It is possible that the test could become a valuable assessment technique with patients who complain of dysphagia thought to be of neurological origin. A further comprehensive study with more accurate neuro-anatomical assessment would be necessary to evaluate the full potential of this technique in these patients and other groups of neurologically impaired patients with dysphagia.
